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FLOOD DAMAGE ASSESSMENT OF FLOOD PLAINS BEHIND LEVEES, INCLUDING 
EXTREME FLOODS 
 
 
Rosa Frei1 and Gerhard Huber2 
 
ABSTRACT 
 
The aim of the case study discussed in this report was to investigate the potential flood damage 
caused by extreme events in the town of Bad Radkersburg. After determining the water depths based 
on a 1D hydraulic calculation for the HQ100 using ArcGIS software, a study was made of the 
potential damage in the selected scenario by looking at damage to property, cars, roads, railways, 
parks, and trade and industry. Disregarded damage was damage which requires an extensive 
investigation, damage that is difficult to quantify, damage to the levee itself, and expenditure on 
emergency measures. 
The last step was to devise a package of measures to reduce potential damage. The results 
serve as a basis for planning remedial action to facilitate optimal and economical utilization of the 
limited funds available for flood control measures and precautions. An essential part of the project 
involved presenting the results in the project area to create greater awareness of the issue of residual 
risk among those responsible for such matters in the municipality, the emergency services and 
companies as well as inhabitants and employees. 
 
 
1. INTRODUCTION 
 
The aim of this study was to define the so-called “increased risk” to the area behind the flood 
protection dam in the town of Bad Radkersburg. The project area lies in the south-easternmost 
corner of Styria, on the bank of the river Mur which also forms the boundary with Slovenia here, as 
is apparent in Figure 1. The catchment area of the river Mur covers about 10,000 km² at this point. 
Table 1 shows the essential hydrological data for the river Mur. 
 
Table 1 Hydrological data for the river Mur 
  
HQ300 2,040 m³/s 
HQ100 1,800 m³/s 
HQ10 1,270 m³/s 
MQ 147 m³/s 
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The town is protected against flooding by a dam which is approximately 30-years old and was 
originally designed for the 100-year flood. Since recent findings have revealed that this structure 
would no longer satisfy the aforementioned criterion as a result of enhanced design values and the 
recalculation of the water surface profile for the 100-year flood as well as dam settlement, some 
heightening and refurbishment of the dam is planned. The new dam crest is to provide a freeboard 
which is 80cm above the 100-year flood surface profile that has been calculated. Since the dam was 
constructed, the original flood plain has witnessed a considerable amount of building activity, such 
as hotels, a thermal spa and housing estates. As not even a higher dam could offer absolute flood 
protection to these properties, a pilot project was conducted to study what would happen if the 
present design values were to be exceeded in spite of the higher dam.  
 
 
 
Figure 1. Map of Austria with the project area 
 
Figure 2 shows the situation in the town of Bad Radkersburg. The river Mur flows to the south 
of the town. The main tributary Drauchenbach flows from the north-west to the south-east. Its 
confluence is located at the end of the levee a few kilometers south-east of Bad Radkersburg. The 
black broken line depicts this 30-year-old levee. 
Table 2 shows some indicators for Bad Radkersburg 
 
Table 2 Data for the town Bad Radkersburg 
 
Altitude 209 m a.s.l. 
Area 2.2 km² 
Inhabitants 1,599 
Employees 2,261 
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Figure 2. Local map of the project area. 
 
 
2. DESCRIPTION OF THE FLOOD SCENARIO 
 
The directives by the Austrian Federal Hydraulic Engineering Administration provide for utilization 
of a 300-year design flood for the purpose of calculating the increased risk. However, this figure was 
not applicable to this case study since the ample freeboard planned for the new dam would prevent 
overtopping at this discharge. A scenario was therefore selected on the basis of the model presented 
in the Rhine Atlas which provided for the raised dam to be overtopped when the water surface 
reaches a level 80cm above the level associated with the 100-year flood, with a complete balance of 
the water level on both sides of the dam. This was tantamount to an extreme, prolonged flood event 
with the exclusion of a specific return period for the purpose of this study. The water level of the 
100-year flood is based on a 1-D hydraulic calculation. This approach has already been used in the 
so-called Rhine-Atlas (ICPR, 2001) to identify the risk zones in the river Rhine. 
Figure 3 only depicts the inundation area on the Austrian side of the river Mur during such an 
extreme event. Cross-border profiles were naturally used for the calculation, but the latest digital 
water surface model was only available for Austria. The water-table boundary in the hinterland is 
consequently only visible on the Austrian side of the river Mur. 
This extreme scenario indicates extensive flooding. A comparison with past floods and with 
the areas flooded during the 100-year flood without a dam, or with overtopping of the old dam, 
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shows that any change in the magnitude of the area flooded would be negligible, whereas the water 
depth would be substantially greater, i.e. between 0.5 m and 1 m. In this case, the entire town would 
become inaccessible, even for the emergency services. The water depths would only remain much 
below 1.5 m in the town centre and in the old district to the north-east of the moat, where buildings 
such as the barracks and the fire station are located, and in parts of the spa area, which means that 
mainly basements would be affected. Life outdoors and in low-rise buildings would be endangered 
in the remaining administrative district of the town. 
 
 
 
Figure 3.  Inundation area during the calculated extreme event 
 
Analyses of several images of historic floods were useful to obtain an overview of potential 
events in this area. The degree of severity of the flood depicted in Figure 4 was slightly lower than 
that of the 100-year flood. Compared to the extreme scenario, the water level was about 0.5 m to 1.0 
m lower. This comparison confirms the plausibility of the water levels calculated for the extreme 
scenario. 
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Figure 4. Downtown during a flood in 1965 
 
 
 
Figure 5. Downtown 2005 
 
 
3. CALCULATION OF POTENTIAL DAMAGE  
 
The damage that is expected to occur in the administrative district of Bad Radkersburg was studied 
on the basis of the foregoing scenario, although a much larger area would actually be affected. A 
  6 
digital terrain and surface model from a laser scan with a 1 m resolution was used to calculate the 
respective water surface levels for the affected buildings. The uses made of the buildings were 
identified using GIS data from the Styrian Government in addition to site reconnaissance. The study 
considered the following types of damage: 
Direct damage to: 
• buildings, including fixtures and outdoor facilities 
• cars in underground and above-ground car parks 
• infrastructure facilities (roads and railway facilities) 
• public green spaces 
Indirect damage: 
• Commercial damage (business stoppages) 
The buildings were classified in accordance with the damage functions calculated by Buck 
(1999) by evaluating German flood damage data. Since these functions, which were used to 
determine absolute damage to buildings, are expressed in 1997 prices, they had to be adjusted to 
2005 prices using the Construction Price Index. A few cumulated functions from the huge number of 
damage functions provided by Buck (1999) were sufficient for the relatively few types of buildings 
present in the study area. During a two-day reconnaissance tour of the project area, the buildings 
were all classified as individual low-rise, two-storey and multi-storey buildings. Basements, car 
parking spaces and the types of operations performed in the buildings were analyzed separately. The 
damage functions obtained enabled the potential damage to be determined for each individual 
building. Damage from leaking heating oil tanks was allowed for by doubling the level of potential 
damage. The number of oil heaters was taken from an oil heating count by the Austrian Statistical 
Office. 
 
levelwaterdamagebasicdamage   ×=
 
 
Figure 3. Diagram of the damage function  
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Damage to cars was calculated on the basis of suggestions made by several experts who had 
been questioned and proposed an empirical average total loss of € 8000.00 and indicated a depth of 
submergence which was likely to result in total loss. 
Damage to green spaces and traffic infrastructure was calculated by the square meter, 
allowing for clean-up costs only. 
Indirect commercial damage resulting from business stoppages was also determined on the 
basis of data provided by the Austrian Statistical Office. The types of businesses and numbers of 
employees were based on a workplace count. The average per capita turnover for these types of 
businesses, which was gleaned from the Statistical Yearbook of the Austrian Office of Statistics, 
was used to calculate the potential damage on a weekly basis. This approach was selected in light of 
the results from industrial management studies. The scenario on which this study is based envisaged 
flooding of the entire administrative district of Bad Radkersburg and hence obviated the need to 
make a distinction between affected and non-affected enterprises. 
We consequently calculated the total damage at around € 50 million. As expected, the 
buildings took the brunt of the damage (about 80 %), followed by damage to cars (about 15 %). 
This calculation disregarded damage to monuments, environmental damage, damage to 
the dam itself, and expenditure on emergency measures, such as the evacuation of people and 
general clean-up operations. Furthermore, it was not possible to estimate specific damage to 
individual buildings, such as the hospital and the thermal spa, other than on the basis of qualitative 
criteria, due to the limited time frame and funds available. As no established figures have been 
provided to date for potential direct damage to the infrastructure, such as the water supply, 
sewerage, the water treatment plant, electricity, gas and traffic, and the resulting costs, these were 
also disregarded for the purpose of calculating the amount of damage. 
Experts may be consulted to ascertain the aforementioned damage, if necessary. However, the 
aim was not to make a complete calculation of the total loss, but to apply a method that enables a 
rapid assessment to be made of the lower limit of the potential damage. This figure that may be 
calculated for a variety of scenarios enables a benefit-cost analysis to be made which may be used as 
a basis for decisions to invest in flood protection measures.  
 
 
4. PACKAGE OF MEASURES 
 
Since the local inhabitants have until now assumed that it is sufficient to raise the height of the dam 
to achieve absolute flood protection, several presentations of the results constituted the first and 
most important part of the package of measures. The potential damage was consequently described 
qualitatively with particular emphasis on the “hot spots”. The aim was to educate and create greater 
awareness of the quite considerable residual risk that it is impossible to eliminate in a potential 
inundation area such as Bad Radkersburg, even by raising the levee. The selection of practical 
measures to reduce the residual risk was made on the basis of their ease of application and 
efficiency. 
As you know, risk reduction is possible by reducing the likelihood of the occurrence of a 
certain event and/or the potential damage. 
 
4.1 Measures to reduce the potential damage 
 
In this study case, it seemed to be particularly useful to devise measures to reduce the potential 
damage. This seems to be worthwhile in any event as damage will be sustained long before the dam 
becomes overtopped. On the one hand, the water table in the flood plain rises during floods in the 
river Mur, posing a risk to cellars, basements and shafts and on the other hand, the dam itself 
prevents dewatering from the hinterland. Even minor floods lead to backwatering in the 
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Drauchenbach tributary, which flows almost parallel to the river Mur in the flood plain and joins it 
immediately downstream from the end of the dam. This effect is intensified when this tributary is 
also in flood, and constitutes a risk to the areas to the east and north of the town, as was 
demonstrated by the flood in August 2005 (the river Mur has a flood return period of about 7 years). 
Inundation by the Drauchenbach in flood is naturally also possible without simultaneous flooding 
by the River Mur. 
Reduction of the number of oil heaters as well as flood-resistant adaptation of existing oil 
heaters by uplift protection, buckling-resistant oil tanks and sealing would almost halve potential 
damage to buildings. Safeguarding of individual buildings by adopting measures involving  
temporarily sealing openings below ground level, utilization of sump pumps and flood-resistant 
emergency units are recommended, in particular where basements have valuable uses, as is the case 
in hotels and the hospital. Mobile facilities could be used to protect the town centre. 
In addition, if the prediction period is increased and used to advantage, this would facilitate 
the adoption of short-term measures that may also reduce the level of actual damage. Such measures 
may include the evacuation of cellars, basements and ground floors or utilization of temporary 
facilities. This would, however, necessitate an appropriate early warning and action plan 
involving participation by residents and individuals in charge of such matters in the enterprises. 
 
4.2 Measures to reduce the likelihood of the occurrence of an extreme event 
 
A reduction in the likelihood of the occurrence of an extreme event (such as a dam breach) is 
primarily achieved by appropriate upkeep of the dam, which involves removal of vegetation and 
maintenance of the body of the dam. Measures should also be adopted to prevent uncontrolled 
overtopping by constructing paved overflow sections and/or predetermined breaking points. 
Otherwise overtopping may cause the dam to fail at any given point, making well-planned 
evacuations and emergency measures impossible. 
Measures on the Drauchenbach tributary should be considered independently of the dam-
heightening project. They should be based on the detailed discharge study which is being planned, 
with due allowance being made for interactions with the flow regime in the river Mur. 
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